IN experimental tumour-bearing rats there is evidence that the growing tumour interferes with the metabolism of protein in the tissues of the host (Stewart and Begg, 1953 ; Allison, Bernstein and Babson, 1954) and that there is a stage in tumour growth when the liver of the host shows a gain in protein content while the carcass as a whole is losing protein (Stewart and Begg, 1953) . This effect of a tumour is similar to that obtained by treating rats with cortisone when an increase in both liver protein and nitrogen excretion is observed (Silber and Porter, 1953 ; Tre'moli'eres, Derache and Lowy, 1955 ; Goodlad and Munro, 1959 
IN experimental tumour-bearing rats there is evidence that the growing tumour interferes with the metabolism of protein in the tissues of the host (Stewart and Begg, 1953 ;  Allison, Bernstein and Babson, 1954) and that there is a stage in tumour growth when the liver of the host shows a gain in protein content while the carcass as a whole is losing protein (Stewart and Begg, 1953) . This effect of a tumour is similar to that obtained by treating rats with cortisone when an increase in both liver protein and nitrogen excretion is observed (Silber and Porter, 1953 ;  Tre'moli'eres, Derache and Lowy, 1955 ;  Goodlad and Munro, 1959) . The question arises as to whether some aspects of the action of tumours on the metabolism of the host might be due to an increased activity of the adrenal cortex. It has indeed been found that the adrenals of tumour-bearing animals are enlarged (Stewart and Begg, 1953) and in a recent review Begg (1958) has presented evidence to suggest that they may be hyperactive.
In a preceding series of experiments (Goodlad and Munro, 1959) diet was found to modify the action of cortisone on nitrogen metabolism. The increase in protein and ribonucleic acid (RNA) content of the liver induced by cortisone was uninfluenced by the level of protein in the diet but was dependent to a considerable degree on the calorific value of the diet. Liver deoxyribonucleic acid (DNA) content was not influenced by the administration of cortisone under any of these dietary conditions.
In the present work an attempt has been made to carry out a similar study on the effect of diet on the action of the Walker 256 carcinoma on liver composition. It was found that the levels of protein, RNA and DNA were (Munro, 1949) (Munro and Naismith, 1953) . Portions of the liver were taken for histological examination.
Intracellular distribution of RNAP and protein N.-Subcellular fractions were prepared by differential centrifugation in 0-25 m sucrose and their RNAP content determined as described by Schneider (1948) . The protein N content of the different fractions was determined.
DNA content of liver cell nuclei.-Nuclei were prepared by the citric acid procedure, as modified by Smellie, Humphrey, Kay and Davidson (1955) . The nuclei, suspended in 0u01 M citric acid, were counted in a haemacytometer; a portion of the suspension was also taken for DNAP determination (Munro and Naismith, 1953) and deoxyribose estimation by the diphenylamine reaction (Schneider, 1957) . The DNAP content per nucleus was then expressed in picograms (pg.).
RESULTS
The effect of various dietary conditions on liver, spleen and adrenal weights and tumour growth in rats bearing a Walker 256 carcinoma The method of tumour implantation described by Talalay et al. (1952) for the standardisation of tumour growth was employed in the present work. Although tumour size varied from experiment to experiment, it was relatively constant within any one experiment. Tumour growth appeared to be independent of the various dietary treatments employed (Table I) , a finding which is consistent shows that the spleen and adrenal weights were significantly affected by dietary protein (P < 0.05 and P < 0 01 respectively); that liver, spleen and adrenal weights were significantly increased in the tumour-bearing animals (P < 0-01 in all cases); that the increases in the spleen and adrenal weights caused by the tumour were significantly greater in the rats fed a protein-containing diet (P < 0 05 for interactions between tumour and dietary protein intake); that the magnitude of the increase in liver weight was not significantly affected by diet (P < 0 05 for interaction of tumour with dietary protein and calorie intakes); that tumour weight was not significantly affected by dietary protein or calorie intake (P > 0 05 in both cases for interaction). (Stewart and Begg, 1953) . In the present work increases in the weights of these organs were observed under all dietary conditions (Table I) . The gain in liver weight caused by the tumour was not significantly influenced by diet. The increases in spleen and adrenal weights in tumour-bearing animals did appear to be more marked in the animals receiving a protein-containing diet (P < 0-05).
The effect of the Walker 256 carcinoma on the protein and nucleic acid content of rat liver Stewart and Begg (1953) found that the Walker 256 carcinoma produced liver protein deposition in rats fed a high protein diet. In the present study an increase in liver protein content was observed in tumour-bearing rats. irrespective of the level of protein and energy fed (Table II) . This increase in liver protein was lHigh . 53-6±6-6 68-5±5-7 +28 2-63±j-0-14 3-90±0-34 +52 1-04±0-09 1-19±0-02 +16
Adequate fLow . 57-4±6-2 85-9±9-4 +50 2-68±0-23 4-37±0-51 +63 1-08±0-10 1-29±0-07 +19 eHigh . 72-0±8-1 86-9±17-9 +21 3-07±0-22 4-49±0-89 +46 1-09±0-10 1-29±0 11 +18 also accompanied by increases in both liver RNA and DNA, protein and calories intake again having no significant effect on the magnitude of these changes (Table II) . In each dietary group the magnitude of the increase in liver RNA content (34-63 per cent) was much greater than that in either liver protein (14-50 per cent) or DNA (10-19 per cent).
Comparison of the intracellular distribution of RNA and protein in the livers of tumour-bearing and control rats Since the Walker 256 carcinoma produced an increase in both liver RNA and protein content a study of the intracellular distribution of RNA and protein in the livers of tumour-bearing and control rats was undertaken in an attempt to ascertain whether these increases were due to changes in any particular fractions of the liver cell. In the preceding series of experiments it was found that the increases in RNA and protein were independent of the dietary state of the animal.
Consequently in the present study only tumour-bearing and control rats receiving an adequate protein and calorie intake were employed. Table III The protein data (Table 111) Since the total DNA content of the livers of tumour-bearing rats was increased, a study was made to determine whether this rise was accompanied by an increase in the mean nuclear DNAP. The dietary conditions were similar to those described in the preceding section. DNAP was estimated both by phosphorus deterrnination following the Schmidt and Thannhauser procedure (1945) for the isolation of DNA and by the diphenylamine method described by Schneider (1957) . Histological examination of the livers of control and tumour-bearing rats Histological examination of the livers of tumour-bearing rats failed to show any evidence of centres of haematopoiesis such as have been described by Ventura, Richer and Selye (1957) in livers of rats bearing large Walker tumours (ca. 40 g.).
DISCUSSION
In the present series of experiments it has been found that the Walker 256 carcinoma causes an increase in the weights of the liver, spleen and adrenal glands of the host. The increase in liver size was independent of the level of protein and calorific value of the diet while the increases in spleen and adrenal weights were more marked in rats receiving a protein-containing diet. Tumour growth also appeared to be independent of the dietary conditions employed.
Examination of liver composition showed that there was an increase in the total amounts of protein, RNA and DNA in the livers of tumour-bearing rats, irrespective of the protein and calorie content of the diet. The fact that even the livers of tumour-bearing rats receiving a protein-free diet showed this increase suggests that the protein laid down in the liver arises from the breakdown of carcass protein which is known to occur in tumour-bearing animals (Sherman, Morton and Mider, 1950 ; Begg and Dickinson, 195 (Goodlad and Munro, 1959) . Due to the sensitivity of the growth of the Walker 256 carcinoma to dietary protein (Green et al., 1950 ) the dietary conditions employed in the present work were not exactly similar to those of a preceding study of the action of diet on the response of the liver to cortisone adminstration (Goodlad and Munro, 1959) .
Nevertheless there would appear to be certain differences in the response of the liver to these two circumstances which are not related to the change in experimental conditions. In the first place, it was found that the deposition of liver protein and RNA caused by cortisone was related to the calorie intake, whereas the increase of these two constituents in the livers of tumour-bearing rats did not vary with calorie intake. Secondly, although cortisone was without effect on liver DNA, the tumour caused a significant rise in the total content of DNA in the liver. Finally, the relative increase in liver RNA with respect to the increase in liver protein was much greater in the tumour-bearing rats than in the cortisonetreated rats. These results therefore suggest that the changes observed in liver composition in tumour-bearing animals may be brought about by a different mechanism from that by which cortisone exerts its effect.
Studies on the intracellular distribution of RNA and protein showed that, while the RNA of all subeellular fractions was increased by the action of the tumour, the percentage of the total liver protein present in the mitochondrial fraction was lowered in tumour-bearing animals. Whether this was due to a decrease in the amount of protein per mitochondrion or to a decrease in the number of mitchondria relative to the other cellular components cannot be decided from the data available. Allard, de Lamirande and Cantero (1953) and calorie content of the diet in the case of liver but the rises in spleen and adrenal weights observed in tumour-bearing animals were more marked in rats receiving a protein-containing diet.
4. An increase in the protein, RNA and DNA content in the liver was observed in tumour-bearing rats, under all dietary conditions. The percentage increase in RNA being much greater than that of either protein or DNA.
5. The intracellular distribution of RNA in liver was unaffected by the presence of a tumour. However protein distribution was altered in the livers of tumourbearing rats, there being a fall in the proportion of protein found in the mitochondrial fraction.
6. The mean DNA content of liver nuclei in rats bearing the Walker carcinoma did not differ from that observed in normal rat liver.
